Background: Diabetes is a serious disease that spread in the world dramatically. The diabetes patient has an average of risk to experience complications. Take advantage of recorded information to build ontology as information technology solution will help to predict patients who have average of risk level with certain complication. It is helpful to search and present patient's history regarding different risk factors. Discovering diabetes complications could be useful to prevent or delay the complications.
INTRODUCTION
One of the serious diseases that spread in the world dramatically is Diabetes. The diabetes patient has high average of risk to experience complications such as cardiovascular disease, kidney disease and end-stage renal failure. Without continuous monitoring and take the appropriate action in the timely manner, the death rate will be high. Currently, the diagnosis depends on various test and factors that have relationships and relevance lead to understand the overall status of each patient (1) . Monitoring blood glucose is important but is not enough to decrease the development of long term complications. There are diff erent variables interact with each other and play important role in setting a high expectation of the disease progress, which are lab tests, primary and secondary diagnosis, blood pressure, blood glucose and Body Mass index (BMI) (2) . Based on the patient's data, we can fi nd relationships and get interpretation that unpredictable by the normal observation. Extracted information from patient history with appropriate treatment and monitoring could limit the complications occurrence. As a result, the decision is taken about the patient will be based on context and the extracted information rather than long term plan so-called personalized service (1) . In other word, due to the large amount of data that generate from diabetes patients, there is huge interest in extracting useful information and fi nding out hidden patterns. Information technology provides the ontology solution in healthcare domain (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . We would like to take advantage of the huge amount of data that generated by such diseases, reuse the others' knowledge to identify current needs in order to improve the outcome in the future (1) . We need a formal representation of diabetes terminology, vocabulary and relationships to discover and extract, share, retrieve and reuse knowledge. Ontology is a technique to store semantic information and facilitate manipulating with data by applying different methods such as analysis and algorithms (3).
Discovering Diabetes Complications: an Ontology Based Model
Tahani Daghistani, Riyad Al Shammari, Muhammad Imran Razzak This paper described the process of developing ontology to organize the data in order to represent, manage, share, reuse and discover knowledge in diabetes domain. In addition, it provides semantic interoperability among different domains and sub-domains. The concepts with its hierarchy will be defined and the relationships between them will be created. The diabetes data will be translated into Resource Description Framework (RDF) language to increase the capability of detecting problems and automate the interpretation process. In this way, we reduce the semantic gab between existing data and interpretation that followed by healthcare providers. This will ensure patient safety and improve the quality of care (4) . Tracking patient and retrieve semantic information will improve care provided, support decision making and enhance disease management. The different stakeholders will access and share the most recent medical knowledge due to the scalability of the ontology and the frequent updates that will deliver. More advance queries could be applied by using Simple Protocol and RDF Query Language (SPARQL) (2, 5) and intelligent algorithms for clustering, classifications and generate association rules in many applications (3) .
In most of the cases, the problem with chronic disease such as diabetes, heart condition or asthma etc. is not a so much disease but complications peoples can experience if it is not controlled properly (13) . The objective of this study is to build model, using adult diabetes patients' data, to discover the rules of diabetes with its complications in disease to disease relationship. Also, to determine and understand the risk level which could be useful to prevent or delay the complications. Finally, to conduct further discovering of new disease associated with diabetes as new finding.
The rest of the study is organized as following: Section 2 presents related work of relative ontologies. Section 3 describes ontology development process. In Section 4 presents result and discussion of developed ontology included DL and SPARQL quires. Finally, section 5 concludes the study.
LITERATURE REVIEW
In parallel with increasing the number of people who suffering from diabetes, there is increasing in the associated complications as a development of diabetes.
More understanding of the disease will reduce risk factors, study the different variables that shared by the diabetes patient, interact with each other and have relationships will lead to predict the level of the risk level of particular complication that each patient might experience it then take a prevention action. We would like to take advantage of the huge amount of data that generated by such diseases, reuse the others' knowledge to identify current needs in order to improve the outcome in the future (1). We need a formal representation of diabetes terminology, vocabulary and relationships to discover and extract, share, retrieve and reuse knowledge. Ontology is a technique to store semantic information and facilitate manipulating with data by applying different methods such as analysis and algorithms (3).
Last years, there are a lot of attempts to build ontology in the chronic disease domain. Verma et al. (3) describe a basic model build based on genetic and clinical variables. The basic model will be used to with different methods for predict diabetes 2 risk. It is better to update the ontology automatically rather than add the information manually which could cause duplication or loose the current knowledge. As mentioned by Verma et al. (3) , the success of the ontology that used in the personalized medicine is depending on the platform that used for the ontology and machine learning methods dynamic integration. In this way, the accuracy and the chance to discover new finding will be high. The ontology that build based on fixed number of variables is difficult to modify if we need to a new variable unlike the personalized model which ease accommodate the new variables. Frequent update and expand of the ontology become a requirement to achieve goal of building such ontology with highest accuracy (3) . In attempt to control the glucose level, the ontology that developed by Chalortham et al. (4) by mapped database which included different processes for diabetes patients include assessment, diagnosis, treatment, complication and follow up. It was work with the reminder system to suggest activates, thus reduce the progress of the diabetes complications such as retinopathy and foot diabetes. The result of Cantais et al. (8) research shows the system can provide a recommendation of the appropriate food type for diabetes patient daily and it determine the with minimum and maximum amount.
Furthermore, Lasierra et al. (7) developed ontology to monitor the patient suffering from chronic disease at home (Tele-monitoring), and it has the capability to provide personalized care dynamically through three stages. Build the model started from create ontology of patient profile using vital measurements and information such as qualitative, quantitative and environmental. The information included in the patient profile will use in the monitoring task and will used to generate reminders. The ontology perform analyzing task based on IF\THEN rules using SPARQL. Finally a planning and execution tasks are performed to select appropriate action to the patient. In the third stage, the model will be ready to monitor any patient. The data will be presented by Lasierra et al. (7) ontology; furthermore the ontology has the capability to represent the procedures and work-flows which lead to automate the task of the patient care. Keep glucose in the normal level, the diabetes patient, the ontology presented by Pramono et al. (2) is provide recommendation about the best physical activity based on patient situation and the history of the medication. The ontology was developed based on patient's data such as age, Wight, high and complications as tree. Any new patient will define the similarity by SPARCL to suggest the appropriate activity. More improvement could be applied by gathering more data such food intake so the system will be more accurate in propose the physical activity. The ontology could be used to provide information with high precision and recall rate for diabetes patients for education purpose. Although there is health information available through the Internet, there is a risk to retrieve low quality information. The main challenge was face such ontology is it should be updated and provide knowledge that meet the patients need (10). Case-based reasoning (CBR) is a technology used by Jha et al. (1) to utilize the historical information of the diabetes patients' problems and solutions stored in database. The similar cases will be retrieved to provide a solution of current problem. If there is no match between the new case and cases stored in the database, the quires will be applied to the diabetes ontology to provide support. The Discovering Diabetes Complications: an Ontology Based Model learning ability of CBR will store non-matched case in the database for the future use. Therefore, it needs an adjustment for the eff ective use in diff erent conditions. Yu et al. (1) had discussed using ontology to automate search in Electronic Health Record (EHR) to retrieve diabetes patient either for clinical trail or research purposes. Integration between databases, link between ontology and data base and data quality should be ensured for effi cient use.
One of various benefi ts from developing ontology is the ability to reuse it to build other ontology on the same domain or use in computer systems. The diabetes ontology is useful to develop Adverse Drug Event ADE system for diabetes patients (9) . It is contain all terms and relationships as base knowledge, aid the extraction of helpful information to use in ADE system. By this way, the medical error will be decrease, on the other hand, the quality and safety of the patients will be increased. Moreover, the ontology that presented by Liaw et al. (12) for data quality could be used in build any future ontology. Ensuring the quality of the data in terms of completeness, correctness etc. will lead to accurate outcomes. In addition, such ontology will enhance the quality of data that collected in the hospital information system (HIS), consequently any ontology aim to use HIS data will ensure a high quality inputs.
A lot of future works are planned in the diff erent studies (1) expand Verma's et al. (3) ontology by add more variable and cover more chronic diseases (2), the Jha et al. (1) ontology could be available publicly through the Internet (3). Consider the feedback from diff erent care providers such as physician, nurse and pharmacists to build feedback framework based on acquired knowledge (4). Adapt Boulos et al. (10) ontology that used to educate diabetes patients to cover other topics.
We will develop ontology for adult diabetes patient in Saudi Arabia to predict patient that have average of risk level with certain complication. None of the previous studied talked about ontology for further discovering of diabetes complications.
ONTOLOGY DEVELOPMENT
The ontology developed to conceptualize the concept, relations and properties in the diabetes domain. The main objective of the ontology is to predict patients who have average of risk level with certain complication. Discovering diabetes complications could be useful to prevent or delay the complications. The scope is limited to adult diabetes patient who are more than 14 years old according to Ministry of National Guard Health Aff air (MNGHA). Protégé 4.1 used to build the diabetes ontology using top-down approach. FaCT++ and HermiT reasoners used to check the consistency of the ontology. Figure 1 shows the classes and subclasses hierarchy of the ontology. Each Patient (diabetes and non-diabetes) has PatienRecord contains the diabetes information from the Hospital Information system (HIS) to discover the complications and its risk degree. It contains Age (Adult and Child), Gender (Male, Female), Blood pressure, Body Mass Index (BMI) and Lab tests (Appendix A). In addition to diagnosis class that stores the fi rst and second diagnosis results of the diabetes patients visits; all diagnosis will be created as individual which contains more than 200 diagnoses (Appendix B). The class complication risk level shows the risk level that could be experience by the patient based on his\her data, it contains two subclasses: HighRisk and LowRisk. It is specifi ed by the relation hasComplicationRisk to identify the risk degree to the Patient class. Complication class consists of diseases associated with diabetes, they are: Cardiovascular, kidney Disease, Diabetic Neuropathy, Retinopathy and Hypertension. Finally, if there is a new patient the relations will be fi ned between diff erent risk factors and complications.
The main object properties that mapped classes are hasRecord, hasAge, hasGender, hasBloodPressure, hasBMI, hasComplication, hasComplicationRisk, diagnosis1-Is and diagnosis2-Is.
The data properties will have the classes' value in the ontology which is Age, BMI, ComplicationRisk, Complication and various properties to add the result of diff erent kind of lab test. According to the values or results, the risk level of certain complication will be identifi ed.
There are many constrains applied to some values of data properties coupled with some classes. As mentioned before the scope of the ontology is the diabetes adult patients which classifi ed under DiabetesPatient and Adult classes. Moreover, BodyMassIndex class has restriction on the value of MBIValue to classify the patients in the subclasses; they are NormalWeight, Obesity, OverWieght and UnderWeight. For instance, the restriction statement for the Obesity sub class is (BMIValue some integer[>= 30]). Also, BloodPressure class has three subclasses, the patients assigned to one of them based on the value of the two variables, systolic, diastolic.
For the patient class, individuals defi ned which take account of object and data properties to fi ll all information included in the PatientRecod class. Run reasoner will classify the patients in the diff erent classes based on record information and predefi ned constrains. Finally, the ontology consists of 68 classes, 19 object proprieties, 39 data proprieties and 312 individuals.
RESULTS AND DISCUSSION
In the fi rst step after develop the diabetes ontology, the data mapped from the hospital information system to the model. The reasoner runs to check the consistency of the ontology. Accordingly, the individuals classifi ed in the ontology based on several factors, including age, gender, BMI, etc. we can search of patient's history; and present patient's individual information. Extracted information from model will help to identify patients who have abnormalities then take the appropriate decision. By using the model, we can identify the patients who are suff ering from certain risk factors such as high Several queries applied using DL Query in protégé to retrieve matched patients based on a set of factors as following:
• mellitus_with_poor_control_CMC. This query is allowing the retrieval of patients who suffering of "Type 1 diabetes mellitus with poor control CMC" as the fi rst diagnosis.
As an outcome, the abnormal values detected for patients without classifi cation in the ComplicationRisk and Complication class. To fi ll gap between some classes which shows in Figure 3 .
For future work, we can use the developed ontology to apply advanced algorithm to generate association rules. More information might be added to expand the ontology and provide more discovering.
CONCLUSION
Ontology as information technology solution contributes in providing care to the chronic disease patients such as diabetes. We develop ontology for adult diabetes patient in Saudi Arabia to predict patient that have average of risk level with certain complication. It is helpful to search and present patient's history regarding to blood glucose level, blood pressure, diagnosis and lab test. The key risk factors of diabetes patients introduced for monitoring purpose in order to minimize the prevalence of associated diseases. Various rules between different risk factors of diabetes Patients and certain complications generated. Furthermore, new complications (diseases) might be discovered as new finding of this study, discovering diabetes complications could be useful to prevent or delay the complications. 
